SPECTROSCOPIC GRADIENTS IN EARLY-TYPE GALAXIES by A. Buzzoni et al.
 
 
 
 
 
 
 
 
 
 
 
 
Available in: http://www.redalyc.org/articulo.oa?id=57115687017
 
 
Red de Revistas Científicas de América Latina, el Caribe, España y Portugal
Sistema de Información Científica
A. Buzzoni, C. Battistini, L. Carrasco, E. Recillas
SPECTROSCOPIC GRADIENTS IN EARLY-TYPE GALAXIES
Revista Mexicana de Astronomía y Astrofísica, vol. 37, 2009, pp. 110-119,
Instituto de Astronomía
México
   How to cite       Complete issue       More information about this article       Journal's homepage
Revista Mexicana de Astronomía y Astrofísica,
ISSN (Printed Version): 0185-1101
rmaa@astroscu.unam.mx
Instituto de Astronomía
México
www.redalyc.org
Non-Profit Academic Project, developed under the Open Acces Initiative©
 
2
0
1
0
:
 
I
n
s
t
i
t
u
t
o
 
d
e
 
A
s
t
r
o
n
o
m
í
a
,
 
U
N
A
M
 
-
 
A
 
L
o
n
g
 
W
a
l
k
 
T
h
r
o
u
g
h
 
A
s
t
r
o
n
o
m
y
:
 
A
 
C
e
l
e
b
r
a
t
i
o
n
 
o
f
 
L
u
i
s
 
C
a
r
r
a
s
c
o
’
s
 
6
0
t
h
 
B
i
r
t
h
d
a
y
E
d
.
 
E
.
 
R
e
c
i
l
l
a
s
,
 
A
.
 
L
u
n
a
,
 
&
 
Y
.
 
D
.
 
M
a
y
y
a
RevMexAA (Serie de Conferencias), 37, 110{119 (2009)
SPECTROSCOPIC GRADIENTS IN EARLY-TYPE GALAXIES
A. Buzzoni,1 C. Battistini,2 L. Carrasco,3 and E. Recillas3
RESUMEN
Discutimos aqu  algunas propiedades relacionadas con la variaci on radial en los  ndices de Lick, H, Mg2
y Fei, para una muestra de 25 galaxias el pticas brillantes. Asimismo, analizamos la importancia de estos
gradientes espectrosc opicos como diagn osticos de los mecanismos f sicos de formaci on gal actica. En este marco,
proponemos tres escenarios evolutivos viables para explicar de forma consistente las caracter sticas espectrales
de las galaxias y por ello las propiedades evolutivas de sus poblaciones estelares.
ABSTRACT
We review some relevant properties of the observed changes of H, Mg2, and Fei Lick indices across the
surface of 25 bright elliptical galaxies. The impact of these spectroscopic gradients is briey discussed, in
the framework of the leading physical mechanisms that led to galaxy formation. In particular, three relevant
evolutionary scenarios are sketched, each one able, in principle, to consistently match galaxy spectral properties
and eectively constrain the composing stellar populations in these systems.
Key Words: galaxies: elliptical and lenticular, cD | galaxies: evolution | galaxies: formation | galaxies: stellar
content
1. INTRODUCTION
The discovery of intervening changes in the ra-
dial photometric properties of early-type galaxies has
been one major achievement since early observing
studies of this class of galaxies. Pioneering contribu-
tions by de Vaucouleurs (1961); Tit (1963); Miller
& Prendergast (1962, 1968) made clear, in fact, that
ellipticals and S0 galaxies cannot be regarded as ho-
mogenous stellar systems; generally, their core ap-
pears \redder" (in terms of integrated broad-band
colors) compared to a \bluer" outermost envelope.
This feature seems actually to characterize the
entire galaxy population of the local Universe (in-
cluding spirals) along the full range of mass and lu-
minosity. However, while for spirals one can nat-
urally invoke the ongoing star formation as the re-
sponsible mechanism for a bluer disk, the situation
still remains much more unclear for ellipticals, widely
recognized as old \quiescent" stellar systems.
A more explicit assessment of spectroscopic gra-
dients within ellipticals, based on narrow-band pho-
toelectric observations of the near-ultraviolet CN
band at 4150  A, has been rst reported by McClure
(1969), who remarked that \the cyanogen absorp-
tion is found to be stronger in the central cores of
1INAF-Osservatorio Astronomico di Bologna, Via Ranzani
1, 40127, Bologna, Italy (alberto.buzzoni@oabo.inaf.it).
2Dip. di Astronomia, Universit a di Bologna, Via Ranzani
1, 40127, Bologna, Italy.
3Instituto Nacional de Astrof sica,  Optica y Electr onica,
Luis E. Erro 1, 72840 Tonantzintla, Puebla, Mexico.
the galaxies than in the surrounding areas of the nu-
cleus", an evidence that led the author to conclude
that \stars in the central core of typical elliptical and
spiral galaxies are super metal rich with respect to the
majority of stars in the solar neighborhood".
The advent of the Lick narrow-band system (rst
dened by Faber et al. 1977, and further expanded
and standardized by Worthey et al. 1994, and Trager
et al. 1998), eased a more eective management of
the spectroscopic output in order to quantify the ra-
dial trend of several absorption features in the op-
tical wavelength range between 4000 and 6000  A.
This opened to a series of important contributions
(Efstathiou & Gorgas 1985; Wirth 1985; Thomsen
& Baum 1987; Peletier & Valentijn 1989; Gorgas et
al. 1990; Carollo et al. 1993, just to mention only a
few reference cases), which more systematically ex-
plored the problem of spectroscopic gradients within
early-type galaxies.
A striking result that emerged from these studies
is that \metals" may no longer be considered as a
unitary family of elements, and they rather present
large dierences in the chemical partition among
galaxies. In particular, there are distinct signs that
Iron might be decoupled from Magnesium (and the
rest of the so-called \" elements) in the core of ellip-
ticals (Worthey et al. 1992; Buzzoni et al. 1994; Lee
& Worthey 2005), a fact that shed new light on the
early chemical history of the galaxies and specically
on the selective role played by SNe.
110©
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SPECTROSCOPIC GRADIENTS IN ELLIPTICALS 111
On the other hand, theory readily suggested that
a specic radial trend has to be expected for any
metal feature, the amount and sign depending on
the physical mechanisms that marked galaxy gene-
sis. In particular, the imposing theoretical scenario
of \hierarchical" galaxy formation (White & Frenk
1991; Kaumann et al. 1994; Navarro et al. 1997)
predicted bright galaxies to grow \from inside out"
through a \coalescence" of primeval metal-poor stel-
lar systems of lower mass. Conversely, in the alterna-
tive \monolithic" scenario (Larson 1975, 1974), ellip-
ticals basically proceeded from the gravitational col-
lapse of primeval gas clouds that led to a chemically
enhanced galaxy core, richer in metals compared to
the external regions.
Facing the dierent theoretical scenarios, it is
clear, therefore, that the study of galaxy spectro-
scopic gradients can give in principle valuable clues
on the way these bright systems eventually formed.
In this framework, we would like to contribute to the
current debate by briey reporting here on a long-
term programme carried out by our group at the
Mexican telecopes along the last decade, aimed at
detecting and studying spectral gradients within a
large sample of bright ellipticals mainly belonging to
the Virgo Cluster and the Leo Group, but also ex-
ploring looser \eld" environment conditions. This
contribution partly follows up early preliminary re-
sults (Buzzoni 1995a; Carrasco et al. 1995) and sum-
marizes some of the relevant results more exhaus-
tively discussed in a forthcoming paper (Buzzoni et
al., in preparation).
2. THE OBSERVING DATABASE
Our observations have entirely been collected at
the two 2.12 m Mexican telescopes of the National
Observatory at San Pedro M artir (hereafter referred
to as SPM) and at the Cananea Guillermo Haro Na-
tional Astrophysics Observatory (CNN) along sev-
eral observing runs between years 1992 and 1997.
Both telescopes were equipped with a long-slit B oller
& Chivens Cassegrain spectrograph. We worked at
mid-resolution, using a 600 gr/mm grating for SPM
observations and a 300 gr/mm grating for CNN data.
These provided an inverse dispersion of 86  A/mm
(SPM) and 67  A/mm (CNN) along a 4200{6000  A
wavelength interval. Slit width was tuned up such as
to provide a quite similar spectral resolution between
5 and 6  A (FWHM) throughout.
The SPM observing campaign gathered data for
18 elliptical and S0 galaxies, while a supplementary
list of 24 targets was observed at CNN. Once consid-
ering a large overlapping fraction (16 objects in com-
TABLE 1
THE SPM AND CNN GALAXY DATABASE
Name SPM CNN Name SPM CNN
NGC 0194 yes yes NGC 4278 yes yes
NGC 0524 yes yes NGC 4365 no yes
NGC 1201 yes yes NGC 4374 yes yes
NGC 1395 yes yes NGC 4382 yes yes
NGC 1587 yes yes NGC 4472 yes yes
NGC 2549 yes yes NGC 4742 yes no
NGC 2685 yes yes NGC 4649 yes yes
NGC 2764 no yes NGC 5576 no yes
NGC 3245 yes yes NGC 5846 no yes
NGC 3489 yes yes NGC 5866 no yes
NGC 3607 yes yes NGC 5982 no yes
NGC 4111 yes yes NGC 6166 no yes
NGC 4125 yes yes
mon) between the SPM and CNN runs, this eventu-
ally led to a whole sample of 25 galaxies. The large
overlap between SPM and CNN observations allowed
us to secure an accurate assessment of sky contam-
ination on the galaxy spectra, a critical eect that
has been independently sized up via two dierent
observing strategies.
In order to condently reach the most vanish-
ing external regions of the galaxies (typically at
S=N  > 100 per wavelength resolution element), our
spectroscopy required very deep exposures (up to
3.5 hr integration time). In the most favourable cases
this allowed us to probe galaxy spectral energy dis-
tribution (SED) up to 6 eective radii (re), although
our analysis had usually to restrain to the inner re
region, depending on galaxy apparent size compared
to the CCD eld of view. Table 1 gives a summary
of the galaxy sample collected during the SPM and
CNN observing runs.
As described in more detail in Buzzoni et al.
(2009), the reduction procedure was carried out with
the ESO package Midas adopting the standard rou-
tines of the Longslit context. Each set of original
frames was properly bias subtracted while the CCD
high-frequency noise was recovered by dividing by
a normalized mean at-eld taken each night with
a halogen lamp inside the spectrograph. Spectra of
a He/Ar lamp, taken frequently during each night
provided the wavelength calibration, and comparison
with several standard stars provided the appropriate
ux conversion of CCD output
2.1. A major caveat: the sky subtraction
Special care has been devoted, throughout the
observing runs, to a proper sampling of sky emission
close to each target galaxy. This measure is in fact©
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112 BUZZONI ET AL.
mandatory to accurately trace galaxy luminosity at
large radii, where target surface brightness drops to
nominal values compared to the surrounding diuse
background. In addition to the few telluric emission
lines, in the wavelength range of our observations sky
spectral continuum basically originates from the so-
lar light scattered by the upper layers of Earth atmo-
sphere. When neglected, or not properly subtracted,
this spurious contribution can strongly aect the in-
ferred galaxy SED in the faintest external regions
making absorption features to display a fake \solar
look".
In order to optimize this delicate task, we tried
two dierent observing strategies. Taking advantage
of a wider eld of view of SPM frames, we centered
the galaxy on the spectrograph slit such as to reach
the sky level at least at one of the CCD edges. The
obvious advantage of a parallel galaxy and sky sam-
pling within the same frame was, however, largely
limited by the intervening vignetting eects across
the longslit, that eventually added further uncer-
tainty to an accurate sky subtraction.
A more prudent but much more time consuming
strategy was devised, on the contrary, for CNN ob-
servations, where a smaller CCD coverage required
to interpolate sky emission by taking two separate
frames, before and after each scientic observation,
and with the same exposure time. The drawback, in
the latter case, is that the procedure does not neces-
sarily account in a better way for any abrupt change
in the atmospheric conditions along the galaxy sci-
entic exposure.
In both cases, therefore, we had to further \tune
up" the amount of sky level to be eventually sub-
tracted to galaxy intensity prole along the spatial
coordinate of the spectrograph longslit, such as to re-
cover the corresponding eective radius, as reported
in the literature (for instance, in the RC3 Catalog,
de Vaucouleurs et al. 1995).4 In this regard, one
has to recall that, by denition, half the galaxy total
luminosity is encircled within one eective radius,
re =
p
ra  rb = ra
p
1   ; (1)
being the galaxy major and minor semi-axes, ra and
rb respectively, related to the apparent eccentricity
 = 1   rb=ra. As our longslit was typically aligned
along the galaxy major axis, the previous constraint
4Note that by overestimating sky level we articially
\sharpen" galaxy surface brightness prole inducing a smaller
eective radius. On the other hand, by underestimating sky
emission, we leave further spurious luminosity to galaxy ex-
ternal regions, thus mimicking a larger value of re.
Fig. 1. An illustrative example of \tuned" sky subtrac-
tion for the case of galaxy NGC 3489. The galaxy en-
circled luminosity (expressed in ADU units) has been
computed, according to the observed spatial prole along
the spectrograph longslit. The nominal value of the sky
luminosity to be subtracted (originally set by the obser-
vations at about 5 ADU counts in this specic case, as
labelled on the upper curve) has been further increased
in the other curve shelf such as to make roughly a half of
the residual (asymptotic) luminosity of the galaxy to be
encircled within one eective radius (Re). For this case,
an optimum solution is achieved by further increasing the
nominal sky level by  25% to  6:2 ADU counts.
implies that
Z r(a)
0
[Iobs(x)   Sky]xdx '
Z 1
r(a)
[Iobs(x) Sky]xdx;
(2)
where Iobs = (Igal +Sky) is the raw galaxy intensity
and x is the spatial coordinate along the slit, cen-
tered on the galaxy photometric peak in the frame.
Clearly, the sky contamination especially aects the
r.h. side of equation (2) (as Igal  Sky), and its
level can therefore be accurately set such as to bal-
ance the two sides of the equation. In some cases,
our correction procedure led to a small oset in the
CCD background counts, of the order of 1 ADU.
This is equivalent to a  25% relative uncertainty in
the sky level, as shown in the illustrative experiment
of Figure 1, for the case of NGC 3489.
2.2. Lick indices and their diagnostic properties
As well known, a straightforward way to sum-
marize galaxy spectrophotometric properties is to©
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SPECTROSCOPIC GRADIENTS IN ELLIPTICALS 113
rely on narrow-band indices, measuring the appar-
ent strength of the main absorption features in the
integrated SED. As far as the optical wavelength is
concerned, the Lick index system is by far the most
popular and extensively used one as it covers practi-
cally every relevant feature that marks the spectrum
of stars and stellar systems between 4100 and 6200
 A. Operationally, each index in the system derives
from a measure of the feature strength (ff, com-
puted by averaging the observed ux through a wave-
length window of width f, centered on the relevant
absorption line) relative to the adjacent pseudocon-
tinuum level (fc) probed at two side windows. Once
the ratio fc=ff is computed, the index easily derives
in terms of pseudoequivalent width of the absorption
feature, namely
IEW = f

1  
ff
fc

; (3)
or, in magnitude unit:
Imag =  2:5 log

ff
fc

: (4)
Both formalisms are physically equivalent, as
IEW = f
 
1   10 0:4Imag
; (5)
although the magnitude notation better applies to
molecular indices, while pseudoequivalent width no-
tation is usually preferred for atomic line indices
(Worthey et al. 1994).
Facing a quite simple operational denition, how-
ever, a correct interpretation of index output re-
quires some important cautions as
(i) the index calibration scale is a fully empirical
one, and always requires the observation of a conve-
nient grid of primary or secondary standard stars;
(ii) spectra must reproduce a standard spectral
resolution of 7{8  A (FWHM). While observations
taken at higher resolution can easily be degraded,
the opposite cannot straightforwardly be carried out.
(iii) to a more detailed analysis, most indices
comprise in fact blended features of several lines,
with a composite contribution of three or four dif-
ferent elements (in great majority Fei, mixed with
other neutral metals).
(iv) the index set is not completely \indepen-
dent" as in some cases dierent index bands fully
or partially overlap, then sampling the same wave-
length interval and providing therefore a physically
redundant piece of information. An outstanding
case, in this regard, is that of the Fei index at 5335  A,
fully comprised into the red continuum band of the
molecular Mg2 index (see Figure 2).
Fig. 2. A sketch of the Lick index denition super-
posed to the spectrum of galaxy NGC 4472. The feature
windows and the two side bands probing the pseudo-
continuum level are marked as tick lines for the H, Mg2,
Fe5270 and Fe5335 indices, according to Worthey's et al.
(1994) denition.
Within the full range of Lick indices covered by
our spectral observations, we want to briey discuss,
in this report, the results dealing with the popu-
lar sub-set that comprises the H, Mg2, Fe5270 and
Fe5335 features. Both the Balmer line and the strik-
ing MgH molecular feature in fact characterize the
spectra of elliptical galaxies in the visual range and
have been the subject of extensive investigation in
previous studies (see, among others, Worthey & Ot-
taviani 1997; Tantalo et al. 1998; Vazdekis & Ari-
moto 1999; Maraston & Thomas 2000; Tantalo &
Chiosi 2004a; Thomas et al. 2004). In addition, al-
though much less prominent and with some marginal
contamination by Cai, the two Fei lines at 5270 and
5335  A are also useful tracers of metal abundance.
Following a theoretical approach based on pop-
ulation synthesis models, Buzzoni (1995b) rst
showed that this specic sub-set of narrow-band in-
dices actually provides an optimum tool to probe
the main morphological features of the (unresolved)
C-M diagram of composing stars in distant ellipti-
cals. From one hand, in fact, the H line is found to
eectively trace the warmest stellar component in a
system, and it reaches its maximum strength in stars
about Te ' 8;000 10;000 K (Buzzoni et al. 1994).
In the integrated SED of any old and intermediate-©
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114 BUZZONI ET AL.
Fig. 3. Theoretical H-R diagrams for a set of SSPs from
the Buzzoni (1989, 1995b) synthesis code. Line thickness
traces the strength of H (top panel), Fe5270 (middle
panel) and Mg2 (bottom panel) Lick indices for stars
along the dierent evolutionary branches in each dia-
gram. SSPs of either dierent metallicity (left panels)
or age (right panels) are considered, as labelled on the
plots. Note that while H and Mg2 peak respectively at
the warmest and coolest temperature edges of stellar dis-
tribution, the maximum Fe5270 (and similarly Fe5335)
index marks the core of the H-R temperature distribu-
tion, for stars about Te ' 4500 K.
age stellar population this index is therefore espe-
cially sensitive to the temperature location of the
Main Sequence Turn O (MSTO) region.
On the other hand, by responding to the MgH
molecular strength, the Mg2 index is a fair tracer of
the coolest red giant stars and its integrated strength
gives a hint of their relative contribution at optical
wavelengths (Buzzoni et al. 1992). This is clearly
shown in Figure 3 for an illustrative collection of sim-
ple stellar population (SSP) models from the Buz-
zoni (1989, 1995b) synthesis code. As far as the
integrated SED of a stellar aggregate is concerned,
note from the gure that H and Mg2 indices are
in fact essential to eectively constrain the blue and
red color edges of the unresolved C-M diagram of the
composing stars.
In addition, the Fe indices add a further impor-
tant piece of information to our analysis, as their
strongest stellar contributors trace the \core" of the
C-M temperature distribution, probing stars around
the base of the red giant branch (see, again, Fig-
ure 3).
3. SPECTROSCOPIC GRADIENTS
The resulting radial trend for the considered sub-
set of Lick indices is summarized in the series of Fig-
ures 4 and 5. For the illustrative scope of this con-
tribution we just displayed the case of four well rec-
ognized early-type galaxies, namely NGC 3489 (type
S0), 4111 (S0), 4125 (E6) and 4472 (E2).
The plots provide a vivid example of the inherent
diculty in tracing SED properties at large distances
from galaxy center. This is a natural consequence of
the very sharp surface-brightness prole of ellipti-
cals, where the observation of the outermost regions
quickly becomes noise-limited. For this reason, mov-
ing outward from galaxy centre we had to average
the spatial information by rebinning the spectrum
with increasing width such as to preserve (as far as
possible) measurement accuracy5.
Figures 4 and 5 are clearly suggestive of some
leading properties of our spectroscopic sample:
(i) as a general pattern, both Iron lines and 
elements (as traced by the Mg2 index) move accord-
ingly, and become shallower when increasing galaxy
radius;
(ii) conversely, H index mostly tends to bunch
around a constant value, which basically indicates
a lack of any systematic radial gradient. If any, as
for the case of NGC 4111 reported here, a positive
correlation seems to be in place with the Mg2 and
Fe indices, as summarized in Figure 6. Overall, our
sample indicates H=logr =  0:230:33 (Car-
rasco et al. 1995).
Further useful pieces of information can also be
added, by accounting for previous preliminary dis-
5Compared to the observation of galaxy core region, say
within the inner 0:2re radius, and assuming a standard de
Vaucouleurs brightness prole as a reference, one has to
roughly increase spatial binning by a factor of two at 1re,
or a factor of three at 2re to maintain a roughly constant
S/N in the co-added spectrum.©
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SPECTROSCOPIC GRADIENTS IN ELLIPTICALS 115
Fig. 4. Observed radial changes of the H and Mg2 indices for the illustrative cases of galaxies NGC 3489, 4111,
4125 and 4472 in our sample. Both SPM (square markers) and CNN (dot markers) are reported. All the data have
been converted to the Lick standard system. In all cases, spectrograph longslit was probing galaxy major axis. Radial
distance from the center is reported in unit of galaxy eective radius Re.
cussions of our galaxy sample, as in Buzzoni (1995a)
and Carrasco et al. (1995). In particular,
(iii) although with a large individual scatter, neb-
ular contribution to galaxy SED, as traced by the
[Oiii] 5007  A emission, is on average stronger among
low-mass ellipticals and strongly core-concentrated
Buzzoni (1995a); this is partly in consequence of a
larger fraction of residual gas within dwarf galaxies
and of their younger (bluer) stellar population;
(iv) a debated (and yet unsettled) question con-
cerns the possible impact of triggering mechanisms
that cause [Oiii] nebular emission on the Balmer-
line emission as well. A positive correlation was
originally found by Gonzalez (1992) between equiv-
alent widths of the two emission lines, in the form
of H = 0:7[Oiii], but this result does not seem
to be supported by our data, as already shown by
Carrasco et al. (1995).
4. INDEX TREND AMONG AND WITHIN
ELLIPTICAL GALAXIES
As a further step in our analysis, it could be
of special interest to assess the problem of galaxy
spectroscopic gradients in a more general framework,
contrasting the observed relationship of spectral fea-
tures, as seen within each individual galaxy of our
sample with the overall index distribution among
galaxies as traced by their core measurements. In
this regard, several outstanding contributions in the©
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Fig. 5. As for Figure 4, but for the Fei Lick indices, Fe5270 and Fe5335.
past decades have set the reference interpretative
framework. We should recall the \7-Samurai" work
(Davies et al. 1987; Burstein et al. 1987) or the con-
tribution by Sandra Faber and collaborators (Faber
& Jackson 1976; Worthey et al. 1992; Bender et al.
1992), just to mention only a few milestones.
Our results can be summarized by the two pan-
els of Figure 7. In the gure, triangles mark the
core values of the Lick indices for each galaxy in our
sample, while the radial run of the indices is sketched
by the vectors connecting with the observed (or lin-
early extrapolated) values at re (solid dots in each
panel). In both plots, therefore, the index distribu-
tion among ellipticals is traced by the small triangles,
while the index correlation within galaxies is traced
by the sketched vectors.
4.1. The puzzling case of H
Just a glance to the gure makes clear that the
observed trends among and within galaxies are dif-
ferent. By itself, this striking evidence points to a
substantially dierent nature of physical mechanisms
that led stellar populations to dierentiate inside and
among galaxies.
As a rst relevant feature, in this regard, note in
the left panel of Figure 7 that the triangle distribu-
tion indicates that low-Mg2 ellipticals also display a
stronger H index, thus conrming a well recognized
negative correlation between Balmer absorption lines
and Magnesium (Worthey & Ottaviani 1997; Tantalo
& Chiosi 2004b; Vazdekis et al. 2004). Conversely,
and quite remarkably, this trend is not reproduced
along galaxy radius, and H shows there a roughly
steady or a mildly positive correlation with Mg2.©
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To add further to our trouble, the situation seems
to reverse as far as the Fe vs. Mg distribution is
concerned (see right panel of Figure 7). In the lat-
ter case, in fact, data show an apparent constant
Fe5270 index distribution among galaxies with vary-
ing core Mg2 values (Buzzoni et al. 1994; Worthey et
al. 1992); on the contrary, a nice positive correlation
is in place within galaxies, with all the metal lines
becoming shallower when moving at larger distances
from the galaxy center.
5. RADIAL GRADIENTS AND IMPLIED
EVOLUTIONARY SCENARIOS
If metallicity is the main running parameter
along galaxy radius (as the Fe5270 vs. Mg2 correla-
tion might lead to conclude), then we should expect
bluer (metal-poorer) stellar populations to prevail as
far as we move to larger distances from galaxy cen-
ter. This argument would easily give reason of the
observed color gradients (i.e. a \redder" core typi-
cally surrounded by a \bluer" outer envelope). On
the other hand, as a natural consequence, this trend
would also lead to an increasingly warmer MSTO
point in the C-M diagram of external stellar popula-
tions compared to the core situation (see Figure 3),
and this directly calls for a negative correlation be-
tween Balmer and metal lines, contrary to what we
observe.
To reconcile this apparent dichotomy we can in-
voke at least three dierent \variants" to the stan-
dard evolutionary scenario, each one potentially able
to recover the puzzling behaviour of H.
(1) Age changes may play a role, as a further
intervening parameter in modulating galaxy spec-
trophotometric properties, in consequence of the
physical mechanisms that led to galaxy formation.
In particular, in case of a monolithic scenario, we ex-
pect \chemical cooking" to have further proceeded
and in shorter dynamical timescale among high-mass
systems. Besides being metal rich, these galaxies
are therefore also older (i.e. \redder") than low-
mass systems. For the latter, on the contrary, a
longer dynamical timescale led to a slower chemi-
cal enhancement and left room for a silent residual
star formation after the primeval starburst. This
argument would naturally account for the negative
H vs. Mg2 correlation of the integrated indices
of Figure 7, and it would also agree with the ob-
served color-magnitude relation seen among cluster
ellipticals Visvanathan & Sandage (1977). In ad-
dition, it would also consistently explain why the
observed [Oiii] nebular emission is usually more en-
hanced among dwarf ellipticals (see Figure 3 in Buz-
zoni 1995a).
Fig. 6. Observed changes of H and Mg2 indices along
one galaxy eective radius. The core index value is taken
as a zero point for each galaxy. The big dot is propor-
tional to galaxy mass, through the measured value of
the spectral velocity dispersion, v. Note the lack of any
systematic correlation between the two indices.
Nevertheless, any age gradient might barely ac-
count for the observed trend of the Lick indices
within the individual galaxy. In fact, a at H ra-
dial trend would generally imply a younger metal-
rich core, especially for bright (high-mass) ellipticals,
and this is clearly at odds with the observed small
value of integrated H index (Buzzoni et al. 1994;
Worthey & Ottaviani 1997).
(2) The \-elements decoupling could be a sec-
ond possibility to explain the observed radial trends
of galaxy spectrophotometric indices. Models pre-
dict in fact that by selectively enhancing the relative
contribution to Z by metals produced via -particle
accretion in nuclear reactions (i.e. C, O, Mg, Si,
Ca, Ti etc.) typically reects on stellar tracks in a
slightly cooler (redder) MSTO point. This in con-
sequence of the enhanced eciency of CNO nuclear
reactions that allows a lower surface temperature for
MS stars (Bergbusch & Vandenberg 1992; Salaris et
al. 1993).
As a result, some intervening enhancement of -
element contribution among stellar populations at
large galactic radii might, in principle, compensate
for the MSTO blueing due to the low-metallicity
regime, thus assuring a roughly constant value of
H while leaving unchanged the eventual correlation
between Iron and Magnesium indices. To further re-
inforce our speculation, note that this scenario has
actually been conrmed since long by the direct ob-
servation of -enhanced stars among metal-poor stel-©
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Fig. 7. Derived trend of the Lick indices along galaxy radius for the observed sample of ellipticals. For each galaxy,
arrows connect the index values at the core region (triangles) with the measurements at one eective radius (dots).
Note, for both index combinations in the panels, the dierent trend of H vs. Mg2, and Fe5270 vs. Mg2 among the
elliptical galaxy population and within each system. See text for a full discussion of this important point.
lar populations of Galactic globular clusters and in
the Galaxy disk (see, e.g. Gratton et al. 1996).
If this the case, then the apparent decoupling be-
tween \" elements and Fe metal group in ellipticals
would further cconstrain the selective metal enrich-
ment of early-type galaxies via Supernovae of the
dierent types.
(3) A blue horizontal-branch (HB) morphology
for metal-rich stellar populations in the galaxy core
is our third possibility to self-consistently recover
the observed spectrophotometric gradients of ellip-
ticals. The issue directly relates with the so-called
\second-parameter dilemma", extensively studied in
the Galactic globular cluster environment, aimed at
detecting the distinctive parameter (in addition to
cluster metallicity) able to break in some cases the
monotonic relationship between HB morphology and
[Fe/H]. The \standard" scenario forsees in fact an
increasingly redder and \clumped" HB stellar distri-
bution for populations with increasing [Fe/H] (Ren-
zini 1983); this, in consequence of a higher He core
mass supplied at the end of the red-giant evolution
(Sweigart & Gross 1976; Dorman 1992; Piersanti et
al. 2004; Serenelli & Weiss 2005).
On this line, an important variant to the stan-
dard picture may occur once considering metal-rich
stellar populations beyond the range of globular clus-
ters, as in the core of bright elliptical galaxies, in-
deed. Possibly eased by a stronger mass loss via
stellar wind, for solar or super-solar metal abun-
dance theoretical models predict HB morphology to
\bounce back" to a broader temperature distribu-
tion, with stars as hot as 30,000 K or more populat-
ing the ultraviolet region of the stellar C-M diagram
(D'Cruz et al. 1996; Buzzoni & Gonz alez-L opezlira
2008).
When conveniently tuned up, the presence of
such a hot stellar component in the core of old high-
mass ellipticals might help explain the steady trend
of H still maintaining the observed Mg-Fe index
correlation. Among others, a further major point of
this scenario is that it may consistently account also
for the striking \UV-upturn" phenomenon (Code &
Welch 1979; Burstein et al. 1988), that is with the
raising ultraviolet emission shortward of 2500  A that
seems to characterize the core properties of high-
mass ellipticals (O'Connell 1999).
At the present stage of our knowledge, and facing
the relevant pros and cons in consistently account-
ing for spectral properties of elliptical galaxies over
the entire range of distinctive features, it is dicult
to set any decisive argument in favor of one of these
three envisaged scenarios. Overall, age spread (i.e.
case 1 of previous discussion) might more likely play
a central role dierentiating integrated spectropho-
tometric properties among early-type galaxy systems
of dierent mass. On the contrary, -enhancement
processes (case 2) and HB \bounced-back" morphol-
ogy (case 3) might concur (and perhaps coexist) to
mark the distinctive spectral feature across galaxy
surface. If this is the case, then a careful study
of the UV-upturn phenomenon and a further exten-
sion of galaxy spectroscopic studies at higher spec-
tral resolution could, in the near future, hopefully
shed light on the intimate mechanisms at work in
elliptical galaxy evolution.©
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